
19SEPTEMBER 2022 | ISSUE 1 |  TS DIGEST 19

Download this hand-
book from Thermo 
Fisher Scientific for 

a look at cell therapy 
manufacturing, cell 

engineering, and more.

DOWNLOAD HERE

HANDBOOK

nearly 80 percent of GWAS participants being of European 
descent as of 2018. 

There are several reasons for this sampling bias. Many of 
the first large sequencing centers were located in Europe or the 
United States. Additionally, the way the genomics research enter-
prise interfaces with potential study participants selects for peo-
ple of certain socioethnic demographics: People with the time 
and resources to take part in large-scale genetic studies are more 
likely to come from wealthier regions of the world than from low- 
and middle-income countries. These factors also cause selection 
biases within the US and Europe, limiting participation in genom-
ics research by people from underrepresented communities. 

Exacerbating this shortcoming, researchers performing 
GWAS used to seek out populations with less overall genetic vari-
ation. Genomic data collection was expensive, and using such 
homogenous populations meant improved statistical power. Case 
in point: Iceland, one of the most homogenous populations in the 
world, is home to less than 0.1 percent of the world’s population 
but more than 10 percent of the world’s GWAS participants. On 
the other side of the spectrum, people of African ancestry, who 
have some of the most diverse genomes in the world, have histori-
cally been underrepresented in genomics studies. 

Unfortunately, the bias in genomics studies has resulted in 
the identification of disease-associated loci primarily for Euro-
pean populations. We have an incomplete understanding of how 
or whether these same variations interact with different back-
ground genetic makeups to confer disease. We may also be miss-
ing opportunities to identify disease-associated variants that 
are rare in European populations but may be more common in 
people of other ancestries. Several groups have recognized the 
potential for this to lead to inequity in precision medicine and 
have launched projects to sequence the genomes of underrep-
resented or genetically diverse groups. Some researchers have 
argued that the wealth of genetic diversity in Africa provides an 
excellent opportunity to understand the relationship between 
human health and an enormous selection of different variations. 
Due to ancient human migration patterns, someone with Afri-

can roots harbors a set of variants that are not only very different 
from those in European populations, but also very different from 
another person of African descent. Genomically speaking, sub-
Saharan African and Northern African ancestries are about as dif-
ferent as sub-Saharan African and Northern European ancestries.

However, performing more GWAS on underrepresented groups 
does not entirely solve our diversity problem. GWAS is inherently 
limited to variants that can be described in terms of the reference 
genome. Many of the same groups whose variants have not been 
well-studied by GWAS also have large sections of genome that do 
not correspond well to any sequences on the reference genome. 
Using more than 900 individuals of African ancestry, one study 
identified nearly 300 million base pairs—nearly 10 percent of the 
length of the human genome—of new human DNA sequence not 
on the current reference genome.4 Variants in these regions are 
rendered effectively invisible using standard GWAS methods. 

Such findings highlight an important fact about reference 
genomes. Even with a near-perfect assembly like the one pro-
duced by the T2T Consortium, there are still limitations to its 
ability to serve as a reference for an entire species. Some problems 
with reference genomes arise not from inaccuracies in the assem-
bly, but rather from the use of a singular reference genome itself.

Toward a human pangenome
A single reference genome can only represent—at best—a single 
genome sequence from the population. The mismatch between 
a sampled genome and the reference genome leads to several 
technical problems collectively referred to as reference bias. Per-
haps the most pernicious form of reference bias arises during the 
alignment step of sequencing experiments. If a sample’s genome 
sequence does not match the reference, the accuracy of read align-
ment degrades, with larger differences leading to greater errors. 
The result is that the analyses are systematically less accurate for 
genomes that are more different from the reference.

Reference bias has troubling implications. Namely, it can 
build ethnic biases into the foundations of genomics research 
methodologies. While the magnitude of reference bias is more 

A T

GCAAGTGATGGTGACTCTG
G CC C GGCCCTGACTC

AATTTAAATTATTGCTAAT

VISUALIZING A PANGENOME: Unlike a linear reference genome, a graph 
genome allows a single region of the genome to take on a diverse set of 
sequences. For regions with high genetic diversity, a graph genome can 
better capture the many human DNA sequences that might exist.
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https://www.the-scientist.com/news-opinion/genetic-risks-for-depression-differ-between-ancestral-groups-69326
https://www.nature.com/articles/s41588-018-0273-y

